T Nuclide is unstable to one-particle emission

P. Moller and J.R. Nix Masses

¥ Nuclide is unstable to two-particle, but not one particle emission
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170
180
190
ZOO
210
220
230
240
250
260
270
280
290
300
310
320
330

17F
18F
19':
ZOF
21':
22F
23F
24':
ZSF
26':
27F
28F
29F
SOF
31F
32F
33':
34F
35F

18Ne
lgNe
ZONe
ZlNe
22Ne
Z3Ne
24Ne
25Ne
ZGNe
27Ne
28Ne
29Ne
30Ne
31Ne
32Ne
33Ne
34Ne
35Ne
36Ne
37Ne

19Na
ZONa
21Na
22Na
Z3Na
24Na
25Na
26Na
27Na
28Na
29Na
30Na

-5.710
-1.280
-3.120
1.860
3.750
9.180
11.690
18.170
22.920
32.570
38.390
47.480
53.830
64.240
77.430
84.610
94.550
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108.880 *

0.860
0.790
-3.290
-1.730
-1.200
2.630
4.180
8.790
12.990
20.320
26.090
33.710
39.530
48.390
57.110
67.460
74.850
84.550
95.730

3.200
-1.820
-7.770
-6.140
-8.980
-5.980
-6.360
-1.530

1.950

7.950
11.640
19.090
22.880
32.430
38.920
46.630
54.720
63.640
72.830
80.950

10.850
4.240
-3.130
-5.240

-10.300
-9.120
-9.570
-6.370
-4.840
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2.860
8.690
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31Na
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39Na

ZOMg
21Mg
ZZMg
23Mg
24Mg
25Mg
26Mg
27Mg
28Mg
29Mg
30Mg
31Mg
32Mg
33Mg
34Mg
35Mg
36Mg
37Mg
38Mg
39Mg
AOMg
AlMg

21A|
22A|
23A|
24A|
25A|
26A|
27A|
28A|
29A|
30A|
31A|
SZAI
33A|
34A|
35A|
3GA|
37A|
38A|
39A|
40A|
41A|
42A|
43A|

ZZSi
23Si
24Si
ZSSi
ZGSi
27Si
ZSSi
ngi
3OSi
31Si
3ZSi
33Si
SASi
3SSi
SGSi
37Si

13.480
19.540
24.980
31.090
37.270
44.580
52.890
63.120
70.160

16.470
8.220
-1.550
-5.910
-14.430
-13.600
-16.500
-13.690
-14.140
-9.610
-8.410
-2.620
0.760
6.820
10.700
16.700
21.240
28.190
34.520
43.980
50.310
59.420

26.060
16.570
5.000
-0.900
-9.640
-11.310
-16.630
-16.330
-17.150
-14.720
-13.330
-9.770
-9.570
-2.680
0.420
4.880
9.530
14.920
20.980
27.500
34.110
41.940
49.660

33.310
23.860
10.390
3.710
-7.470
-11.300
-20.230
-20.040
-22.880
-20.740
-21.050
-18.410
-19.670
-14.210
-11.340
-6.560

—+

388i
SQSi
4OSi
41Si
4ZSi
433i
44Si
455i
AGSi

2p
24p
%p
26p
27p
8p
29p
30p
31p
32p
3p
34p
35p
36p
37p
38p
39p
40p
4p
42p
43p
44p
45p
46p
47p
48p

24S
ZSS
265
27S
ZBS
ZQS
SOS
313
325
33S
343
353
BGS
37S
385
395
4OS
4ls
423
433
445
4SS
4GS
47S
485
498
SOS

26C|
27C|
28C|
29C|
30c|
31C|
32C|
33c|

-3.160
1.910
6.010

12.180

16.680

24.650

31.530

39.920

47.760

44.500
31.450
18.480
9.560
-0.530
-6.050
-15.310
-18.210
-23.110
-21.820
-23.950
-21.720
-23.270
-19.860
-18.520
-14.800
-12.510
-7.730
-4.530
0.790
5.000
11.120
17.650
24.900
32.260
40.050

54.600 t
42.590 t
27.160 T
16.620
3.730
-3.200
-14.020
-17.420
-25.340
-25.190
-28.990
-26.980
-30.390
-26.160
-26.420
-22.980
-22.170
-17.720
-15.900
-11.090
-8.370
-2.620
2.920
9.930
16.170
24.000
30.350
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52.780 T
37.310 T
25.340 T
12.670 T
3.770
-6.690 T
-13.020
-20.080

34C|
35C|
36C|
37C|
3SC|
39C|
40C|
41C|
42C|
43C|
44c|
ASCI
4GC|
47C|
48C|
49C|
SOCI
51C|
52C|

275,
285,
295,
30Ar
a1p,
2y
sp,
ap,
35Ar
sp,
7p
a8p,
o,
a0p,
a1p,
42Ar
asp,
“ar
45Ar
asp,
47Ar
asp,
a9,
50p,
sip,
s2p,
53p,
54Ar

30K
31K
32K
33K
34K
35K
3GK
37K
38K
39K
40K
41K
42K
43K
44K

-22.600
-27.150
-28.020
-31.840
-30.360
-30.310
-28.550
-28.170
-25.180
-23.760
-19.860
-17.240
-12.270
-7.400
-1.400
4.260
10.820
16.650
24.130

65.210
47.200
34.430
19.970
10.580
-1.800
-8.410
-17.470
-21.520
-29.380
-30.680
-34.860
-34.770
-37.340
-34.780
-35.970
-33.210
-33.060
-28.870
-28.230
-23.660
-19.790
-13.660
-9.230
-2.660
2.070
8.860
14.900

45.610
31.160
19.910
7.430
-0.770
-10.080
-16.010
-23.230
-27.610
-34.280
-33.910
-38.010
-37.340
-38.660
-37.090
-37.420
-35.200
-34.320
-30.620
-27.690
-22.900
-18.690
-13.290
-8.540
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54K
55K
SSK

29Ca
SDCa
31Ca
32Ca
33ca
34(:a
35Ca
36ca
37Ca
38ca
39CE1
4OCa
41Ca
42Ca
ASCa
44Ca
45ca
46(:a
47Ca
48ca
49Ca
50ca
51Ca
SZCa
SSCa
54Ca
55Ca
56Ca
57ca
SSCa

33Sc
3ASC
BSSC
SGSC
37SC
SBSC
3QSC
4OSC
41SC
4250
43SC
445C
4SSC
4GSC
47SC
ASSC
4QSC
SOSC
518C
SZSC
53SC
SASC
55SC
SGSC
57SC
SSSC
SQSC
6OSC

32Tj
33Tj
34Ti
i
36T
7T
38Tj
97i
40Tj

-2.510
2.860
9.420

92.520
72.130
56.620
41.350
28.990
13.940
5.300
-5.870
-11.910
-22.660
-26.820
-34.240
-36.110
-40.590
-40.670
-43.490
-42.500
-44.180
-42.080
-42.460
-39.490
-37.770
-33.050
-30.340
-24.470
-21.200
-15.100
-11.140
-4.910
-0.220
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53.670 T
40.250 t
24930
14.650 t
3.090 f
-4.640
-14.100 t
-21.430
-29.630
-33.310
-39.400
-40.050
-43.710
-43.670
-45.990
-44.280
-45.960
-43.470
-42.500
-39.020
-36.300
-31.630
-28.750
-23.780
-19.930
-14.340
-10.010
-5.100

100.870 T
83.470 T
64.230 T
50.740 T
33.350 T
21.950
9.610 #
0.200

-11.910

47
427
437
44T
45Tij
467
4TTj
48T
497
50T
51Tj
521i
53Ti
54Ti
55Ti
56Ti
57T
58Ti
597
60T
61Tj
62Tj

37V
38V
39V
40V
4 1V
42V
43V
44V
45V
46V
47V

cr

Bcr
¢y
4ocr
“cr
“2cr
“Scr
4cr
“cr
46cr
“icr
“8cr
“Scr
Socr
Sicy
S2cr
Scr
S4cr
Scr
S6cr

-18.250
-27.210
-32.120
-40.660
-42.150
-47.130
-47.140
-50.950
-49.030
-52.130
-49.550
-50.150
-46.870
-45.050
-40.360
-38.570
-33.750
-31.230
-25.760
-22.670
-17.630
-13.730

46.320 t
33.700 T
19.570 t
9.360 f
-2.510 t
-10.400 t
-19.980
-26.110
-35.250
-37.840
-43.200
-45.180
-49.860
-49.540
-53.060
-51.480
-52.200
-49.450
-48.780
-45.510
-44.000
-40.160
-38.090
-33.690
-30.810
-26.240
-23.200
-17.250

91.520 T
74590 T
56.960 T
43.420 t
28.560 T
17.200 t
3.950 #
-4.350
-15.390
-21.910
-32.410
-35.960
-43.310
-45.630
-51.780
-51.710
-56.590
-55.130
-57.060
-54.560
-55.100
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5’cr  -51.990 BFe -24.240 NI -48.640 zn  -58.870 82Ge -65.070 8lse  -76.290
S8cr  -51.650 "Fe -20.520 Ni -44.590 Zn  -57.050 83Ge -60.240 825e  -77.330
5Scr -47.880 Fe -14.400 5Ni  -42.030 Zn  -53.310 84Ge -57.230 835e  -75.120
80cr  -47.010 ®Fe -10.640 NI -37.530 80zn -51.830 8Ge -51.650 845e  -75.550
Slcr  -42.390 Fe  -3.110 BNi -34.430 817Zn  -45.930 86Ge -47.840 85se  -71.660
52Cr  -40.860 BFe  2.980 Ni -28.080 827n  -41.970 8Ge -42.040 86se  -69.690
8cr -34.850 3 80Ni -22.720 8zn -35.320 8Ge -37.880 87Se  -64.920
64 Co  63.000 t 8Ly 84 89 88
65Cr -34.450 4o 49110 t 82N! -15.440 85Zn -30.320 90Ge -31.930 89se -62.170
Cr -28.540 $Co 34810 Ni  -9.280 Zn  -23.440 Ge -27.140 Se -57.270
%cr  -25.800 6 ‘ 8 8zn  -18.090 %Ge -20.680 se  -54.190
S7cr  -19.540 o0 22880 1 o 44380 1 o %Ge -15.780 %lge  .49.050
Co 9.680 t Cu 29.280 t Ga 17.050 t G 160 25 45470
“IMn  40.440 t “8Co  1.010 t 0cu  19.050 t %Ga 4.470 t ‘ 03 ’
“Mn 28.380 t 4Co -10.610 t SIcu  5.990 t %Ga -4.600 t ®As  3.010 t gée '29-338
“Mn  14.250 t 0co -18.220 t %2Cu  -2.980 t SGa -15.680 1 0As  -6.250 t woor >
“Mn  4.680 t 51co -28.050 t Scu -14.200 t %Ga -23.370 t 61As  -17.000 t gese -30.140
“Mn  -6.830 t %2Co -34.580 Scu -21.930 t %Ga -33.300 t ®2As  -24.160 T g7se 25690
“Mn  -14.300 t 53Co  -42.600 %SCcu -31.520 1 %0Ga -38.350 t 8As  -32.710 t ggse -19.380
“Mn -24.850 t 54Co  -46.360 S6cu -37.310 61Ga -45.560 64As  -38.160 t Se -14.3%0
“Mn  -29.890 %Co -52.610 S’Cu  -45.710 52Ga -49.210 %As  -45.750 52Br  13.470 t
“Mn  -38.150 %6Co -54.430 %8cu  -49.250 53Ga -55.020 56As  -49.660 8Br  2.070 t
OMn  -41.950 5Co -58.030 5%cu  -54.800 84%Ga -57.220 5As  -55.560 %Br  -6.260 t
5IMn  -48.660 %8Co -58.520 80cy -56.370 %Ga -61.420 %8As  -58.300 %Br -16.610 t
52Mn  -50.690 %%Co -60.800 Slcu -60.100 %6Ga -62.750 %As  -62.950 %Br -23.680 t
53Mn  -55.200 %0co -60.270 52Cu  -61.030 5Ga -66.070 As  -64.200 5Br -32.310 t
5Mn  -55.160 61co -61.600 8cu  -63.770 %8Ga -66.330 IAs  -67.860 %Br -38.110 t
Mn  -57.170 52Co  -60.200 S4%Cu  -63.630 %9Ga -68.630 2pAs  -68.310 %Br -45.860 t
%6Mn  -55.980 53Co -60.790 %5Cu  -65.700 Ga -67.960 BAs  -71.100 °Br -49.580
5’Mn -56.880 84Co -58.920 %6Ccu  -64.710 "Ga -69.700 "ps  -70.960 Br -56.260
%8Mn  -54.960 %Co -59.170 5Cu  -65.920 ?Ga  -68.560 As -73.160 "2Br  -58.830
5Mn  -54.960 86Co -56.220 %8Cu  -64.890 Ga -69.790 As  -72.530 Br -63.840
50Mn  -52.600 5Co  -55.500 %%Cu  -64.980 “Ga -68.110 As  -73.980 "Br -66.080
51Mn  -51.700 %8Cco -52.180 cy -62.720 ®Ga -68.110 BpAs 272,750 Br -69.320
52Mn  -48.340 %9Co -50.780 Icu  -62.420 %Ga  -66.030 SAs  -73.450 Br -70.330
53Mn  -46.880 OCo -46.830 ?Cu  -59.650 "Ga -65.690 80as  -71.930 Br -73.650
5%Mn  -42.900 ICo -44.640 cu -58.720 ®Ga  -63.330 81as  -71.920 ®Br  -74.050
%5Mn  -41.890 2Co  -40.700 74Cu -55.870 ®Ga -62.360 82As  -69.760 Br -76.670
5Mn  -36.960 co -37.810 SCu  -54.160 80Ga -59.070 8As  -68.820 80Br  -76.590
5"Mn  -34.920 74Co -33.700 SCu  -50.950 81Ga -57.450 84pAs  -65.370 8lgr  -78.410
58Mn  -29.470 ®Co -29.790 TCu  -48.450 82Ga -52.710 85As  -62.460 82Br  .77.740
5Mn  -25.640 %Co -25.260 8Cu  -44.480 83Ga -48.620 8As  -57.760 8Br -78.940
OMn  -21.070 Co -21.880 ®Cu  -41.990 84Ga -42.920 8As  -54.170 84gr  -77.370
OFe 81750 + :200 -14.880 Zicu -36.080 ZZGa -38.220 :jAs -49.220 :ZBr -77.960
Nre 67110 1 SOCO -8.820 820u -31.140 87Ga -32.270 9OAs -45.220 87Br -75.150
2re 50510 T Co -1.430 83cu -24.750 BBGa -27.230 91As -40.110 88Br -73.290
Bre 37680 T i 74890 + 840u -18.930 Ga -21.010 92As -35.600 89Br -69.350
YEe 22,600 t NI 60.680 T Cu -12120 58Ge 53.310 T 93As 29830 gOBr -66.730
“Fe  12.300 1 ONi 44.270 1 49zn  56.160 t %Ge 37.690 t oS 722080 oo 82670
Fe  .0.500 N 32270 t S0zn  40.000 t 5Ge 26.980 1 o 19.220 ! 799830
“Fe  -8.560 N 17.960 1 Sizn  28.880 t %Ge 13.240 t oS 114020 o 2259
“Fe  -20.690 O\ 8.090 ¥ S2Zn  14.100 t SGe  3.890 1 As 7640 ot 52:330
“Fe -26.590 NI -4.980 %zn  5.400 t %Ge -8.340 t 5’se  51.080 t gsBr '4;'238
Fe -35.570 SINi - -12.960 %zn 6970 t %Ge -16.350 %se  36.040 t %Br 3.
SlFe  -40.730 52Ni -23.950 %zn  -14.690 % 0Ge -27.440 % %9se  25.190 t 97Br ~38.830
2Fe  -49.190 SNi - -30.540 %zn  -25.890 flGe -32.900 %0se  11.770 t gBBr ~34.580
Fe  -50.580 5Ni -40.020 5zn  -32.070 52Ge -41.220 flse  2.180 t ggBr -29.000
SFe  -56.740 S5Ni - -44.010 %zn  -42.120 53Ge -45.600 625e  .9.810 t Br -24.090
Fe -56.780 56N -52.570 %zn  -45.900 54%Ge -53.000 635e  -17.160 * 8Kr  23.590 t
%Fe  -60.250 5INi -54.600 80zn  -52.850 %5Ge -55.380 b45e  -26.820 S%r 10.130 t
SFe -59.150 58Ni -59.490 61Zn  -54.490 %6Ge -60.630 %5se -32.510 ®Kr  1.640 T
58re  -61.210 NI -60.190 %2zn  -59.510 5Ge -62.160 565e  -41.130 %Kr  -9.380 t
Fe -59.400 50N -62.880 8zn  -60.830 %8Ge -66.760 57Se  -45.740 57Kr  -16.470 f
%Fe -60.520 5INi -63.070 84Zn  -64.750 Ge -66.790 %8se  -53.260 88Ky -26.550
blFe  -57.980 62Ni -65.250 %zn  -64.760 Ge -70.190 895e  -56.040 8Kr -32.360
%2Fe  -58.580 53Ni -64.380 %zn -68.160 "Ge -69.680 ’se  -61.860 Kr  -41.090
%Fe -55.830 54Ni -66.050 5zn  -67.100 ?Ge -72.290 Ise -63.270 "IKr  -45.480
b4Fe  -55.360 NI -63.960 %zn  -69.420 Ge -71.250 2Se  -67.930 ?Kr  -53.660
%Fe -52.280 56Ni  -65.370 %zn  -67.940 "“Ge -73.380 3se  -68.710 BKr  -56.560
%Fe -51.160 5Ni -62.750 zn  -70.190 “Ge -71.840 74se  -72.330 Kr -62.510
5Fe  -46.560 %8Ni -62.930 Zn  -67.650 %Ge -72.950 se -72.310 Kr -64.660
%8Fe  -44.900 59Nj  -60.120 27Zn  -68.760 Ge -70.930 ®Se  -75.460 Kr  -69.420
%Fe -39.560 ONi - -59.230 Zn -65.680 8Ge -71.500 "Se  -74.920 Kr  -70.270
OFe -37.590 NI -55.890 "7zn  -65.540 ®Ge -69.120 8se  -77.180 BKr  -74.660
IFe -32.030 Ni -54.480 Zn -62.740 80Ge -69.020 Se  -76.140 Kr -75.160
"2Fe  -28.650 Ni -50.560 %zn  -62.180 8lGe -65.740 80ge  -77.750 80Kr -78.820
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8Kr  -78.750 8lgr  .72.170 8lzr  -57.000 %Mo -57.300 BRu  -77.170 89pg  -31.030 *
82Kr  -81.540 825r  .77.520 82zr  -63.610 %Mo -65.070 %Ru  -83.120 Opd  -40.870
8Kr  -80.970 8gr  .78.410 8zr  -65.900 %Mo -68.130 %Ru  -83.460 %pd  -46.640
84Kr -83.180 845r  -82.450 84zr  -72.790 %Mo  -74.230 %Ru  -86.960 2pd  -55.530
8Kr  -81.450 8sr  -83.050 8zr -74.880 %Mo -76.210 9Ru  -85.960 %pd  -59.110
86Kr  -83.200 865r  -85.970 8zr  -79.930 Mo -81.780 %Ru  -88.140 %pd  -67.120
87Kr  -80.280 87sr  -85.220 87zr -81.290 Mo -82.940 ®Ru  -87.150 %pd  -69.220
88Kr  -79.420 885 -87.600 8zr .85.450 Mo -87.130 1002y -88.690 %pd  -76.270
8%Kr  -75.240 895r  -85.270 8zr -85.600 %Mo -87.070 101Ry  -87.470 %pd -77.740
OKr  -73.490 %gr  -85.670 %zr -88.890 %Mo -89.550 102Ru  -88.730 %pd  -82.000
9Kr  -69.290 Slgr  -82.680 917y  .87.780 %Mo  -88.230 038Ry -87.150 %pd  -81.680
92Kr  -67.260 9g5r  -81.460 %zr -89.110 %Mo -88.900 104Ru  -87.850 100pg  -84.710
BKr  -62.990 9Bgr -78.340 Bzr -87.210 Mo -86.990 1052y -85.890 101pg  .84.680
%Kr  -60.450 %gr  .77.290 %zr -86.720 %Mo -87.710 106Ru  -86.100 102pg  -87.210
SKr  -55.970 %gr -73.580 %zr -84.190 Mo -85.790 7Ry -83.610 103pg  -86.600
%Kr  -52.990 %y -72.030 %zr -84.070 100Mo  -86.080 1082y -83.260 104pgy  .88.710
9Kr  -48.130 9sr  -68.320 %zr -81.030 1Mo -83.790 10%Ru -80.490 105pg  -87.750
BKr  -44.620 %3 -66.480 %Bzr  -80.640 192Mo  -83.610 10y -79.620 106pg .89.380
SKr  -39.040 %sr -62.360 %zr -77.580 13m0 -80.900 MRy -76.650 107pd  -88.160
100k -35.030 1005 59,830 1007y .76.660 104Mo  -80.270 2Ry -75.340 108pg .89.210
0l -29.280 015 55230 1017y .73.280 1%5Mo  -77.100 Ry -71.920 109pq  .87.550
SRy 23.420 + ier -52.110 izZr -71.710 ijMo -75.860 i‘;Ru -70.110 ﬁipd -88.170
SRb  13.640 104sr -47.190 1042r -67.860 108Mo -72.370 116Ru -66.310 nde -86.010
R 1080 1 mESr -43.670 1052r -65.690 ngo -70.680 117Ru -63.850 mpd -86.110
SRp 6130 1 Sr -38.490 106Zr -61.470 quo -66.910 118Ru -59.640 de -83.720
®Rb -16.390 1 ®y 23190 1 107Zr -58.810 111Mo -64.730 119Ru -56.990 MsPd -83.370
TRD -23.410 Ty 13850 T 108Zr -54.350 112Mo -60.590 120Feu -52.670 mpd -80.680
7 7 Zr  -51.130 Mo -57.730 Ru -49.600 Pd -79.730
72Rb -32540 1 72Y 2.420 1 109zr  -46.510 1Mo -53.160 86 pd -76.610
Rb -37.910 Y -5.870 t Rh -20.660 t 18

"Rb -46.130 t By  .16.080 t Nb  2.850 t 82T¢  -20.600 t 8Rh -31.160 t 119E2 ';iégg
Rb -50.110 7y -23.080 t “Nb  -4.890 t 8T1c  -30.210 t 8Rh -37.570 t 120p4 _70'130
Rb  -56.850 By 32290 t Nb -15.270 t 8Tc -36.660 t 8Rh -46.560 1 12154 '66'610
Rb  -59.960 by .38.100 t Nb -22.200 t 8Tc  -44.930 t %Rh -50.100 t 122p 4 _64'280
Rb  -64.890 Y -46.500 t Nb  -31.840 T 8Tc  -50.230 91Rh -58.650 1 230
Rb  -66.780 By -51.180 %Nb  -38.010 t 8T¢ -57.750 t 9Rh  -63.060 124Eg 'gg'ggg
Rb -70.880 Y 57.520 8Nb  -46.020 t 8Tc  -61.790 BRh -70.120 125p4 _54'850
8Rb -72.610 8y  -60.330 82Nb  -50.540 8Tc  -68.830 %Rh -72.180 126y o
81Rb -76.580 8y  .65.500 8Nb  -57.250 91c  -71.570 %Rh -78.410 127Pd -52.360
82Rb -77.330 82y  .67.720 84Nb  -60.590 Te  -77.450 9%Rh -79.350 mig '22'238
8Rb  -80.250 8y -73.380 %Nb  -66.580 97c  -78.980 9Rh  -83.250 129pg ’39'300
8%Rb -80.680 84y  -75.530 8Nb  -69.920 SBTc  -83.750 %Rh -82.940 130m o
%Rb  -82.990 8y  -79.580 8Nb  -75.120 %Tc  -84.210 %Rh -85.270 mEg '22'222
8Rb -82.190 8y  .81.280 88Nb  -77.440 %Tc  -87.060 100K -85.040 L32py '20'530
8Rb  -84.090 87y -84.260 8Np  -82.110 %Tc  -85.790 101Rh  -86.830 e
8Rb -81.740 8y  .84.820 ONb  -82.790 9Tc  -87.160 102RK  -86.300 %ag -19.670 t
89Rp -81.070 8y  .86.770 %INp  -86.740 %Tc  -86.150 103_h  -87.670 %ag -30.670 T
ORb -78.140 %y .85.790 92Nb  -86.790 %Tc  -87.090 104K -86.780 pg -37.320 t
9Rb -76.410 %y -86.060 %Nb  -88.080 1001 .85.800 052K -87.650 SAg  -46.290 t
2Rb -73.290 2y -84.010 %Nb  -86.580 01Tc  -86.320 106K -86.320 %pAg  -51.930
BRb  -71.340 By  -82.670 %Nb  -86.320 192T¢  -84.680 107Rh  -86.680 %Ag  -60.220
9Rb  -67.650 %y  -80.340 %Nb  -84.810 1031¢  -84.770 1082h  -85.010 %pg  -63.360
%Rb -65.380 %y  -79.380 9Nb  -84.420 1041¢c  -82.750 092K -84.720 %Ag  -70.480
%Rb  -61.630 %y -76.440 %Nb  -82.650 1057¢  -82.230 H0Rh -82.600 %BAg  -72.400
9Rb -58.960 97y  -75.290 ®Nb  -82.350 106T¢  -79.810 111K -82.020 %Ag  -77.180
%Rb -54.710 %y  .72.310 100Np  -79.870 07T¢  -78.700 12K -79.670 100pg .77.810
®Rb -51.390 %y  .70.730 10INp  -79.150 1081 -75.900 132h  -78.590 0lag  -81.160
100Rp  -46.630 100y _67.380 102Np  -76.560 109T¢  -74.390 4Rh  -75.810 10209 .81.580
101Rp  -42.810 10y .65.060 103\p  -75.180 01 -71.260 152K -74.210 10309 -84.150
102Rp  -37.840 02y _61.120 104Np  -72.020 HiTe  -69.160 116K -71.090 104pg  -84.250
103Rp  -33.700 108y .58.290 105\p  -69.950 H2Te  65.730 7Rh  -68.850 10509 -86.480
75 23550 + 12:\( -54.020 iij -66.400 Ech -63.200 ﬁiRh -65.320 iZjAg -86.110
S 10770 + wev -50.620 108N|o -63.830 115Tc -59.320 120Rh -62.790 108Ag -87.890
g 2260 t 107Y -46.190 mng -59.950 116Tc -56.120 121Rh -59.120 109Ag -87.180
g 8990 Y -42.380 110Nb -56.930 117Tc -51.820 122Rh -56.170 110Ag -88.430
g 16310 Ny 23520 + 111Nlo -52.670 Tc -48.400 123Feh -52.710 111Ag -87.400
25 26.340 % 2zr 11.220 t Nb -49.170 3Ry -23.380 % 124Rh ~49.240 9 88190
Bgr -32.340 87y 2,640 t Mo  3.680 T BRu  -29.720 125Rh 45510 mAg -86.880
7sr -41.120 Tzr  -8520 t Mo -7.140 t 8Ru  -40.400 1262: 'g;'ggg 114ﬁg '2;;38
Sy -45.980 zr -15.480 t Mo -14.810 1 SRu  -46.220 w27an '35'370 nsAg '85'110
Sr -54.040 zr 25740 t ®Mo -25.120 t 8Ru  -55.070 w8 '29'040 mAg '83'030
sr -57.290 TTzr  -31.820 ®Mo -30.010 t 8Ru  -59.170 1290, '22'810 mAg s
sy -63.020 87r  -41.060 Mo -39.460 ORu  -66.260 10y oo I -82.300
®sr -65.220 7r  -46.280 Mo -44.800 “Ru -68.950 Rh -15.650 ngAg -79.830
80gr  .70.240 80zr  -54.070 %Mo -53.210 9“Ru  -75.850 88pg  -24.320 t Ag. -78.880

120ag .75.790



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

2Ipg -74.530 n  .87.880 9sh  -29.470 t 129Te  -88.190 l4%e -66.330 15cs  -59.860
122pg  -71.550 12y _87.480 10g  -35.730 t 1%0Te .88.430 15%e -68.370 146cs  -55.700
1Zpg  -70.020 n  -89.200 1gh  -44.740 t 181lTe -86.350 H6xe -72.610 47cs  -52.350
124pg  -66.730 14 -88.380 1025 .48.810 t 1%2Te  .86.200 xe -74.040 18cs  -47.970
12579 -64.900 15 -89.660 108gh  -55.400 t 1%37¢  -83.810 H8xe -77.810 49cs 44,190
126pg  -61.740 18nh  -88.410 1045 .57.880 T 134Te  -83.000 19%e -78.740 150cs  -39.490
12Tpg  -59.440 1 -89.260 15gh -62.770 t 1%5Te .78.440 120xe -81.950 1%1cs  -35.330
128pg  -56.310 18y .87.730 106gh  .65.110 t 136Te  .75.200 121%e -82.480 g, 6520 1
12%pg  -53.390 19n  -88.110 107sh  -69.490 t 137Te  -69.950 122xe -85.170 195, 12390 +
130ag  -47.600 120n  _86.320 1085 .71.170 1%8Te  -65.990 12xe -85.240 11054 _20'800 +
Blag -42.130 2Yn  -86.240 109gp  .75.100 139Te  -59.920 124xe -87.430 11, _26'020 +
182pg  -35.670 1221n -84.150 H0sp  -76.310 140Te  -55.900 125%e  -86.960 25, 33810 "
133pg  -29.680 1230 .83.710 Hlgh .79.810 141Te  -49.840 126xe -88.790 13, _37'860 :
1B4pg  -22.890 1240 -81.410 H2gh  -80.600 142Te  .45.780 127xe -88.020 Wi 44570

125, 113 143. 128; - .
%cq -31.260 1 126|n -80.800 114Sb -83.610 144Te -40.100 129Xe -89.630 Sz, 47970
Scd 41000 In -78.180 Sb -83.870 Te -35.700 Xe -88.620 165, 3,090
95cg _47'120 27y .77.210 155p  .86.420 145Te  -29.960 130xe .90.220 17, _56'710
% : 1280 .74.640 165p  .86.240 146Te  -25.300 Blxe -88.940 118 :

Cd -56.010 120 17 132 Ba -62.010
07 In -73.170 Sh -88.340 102 Xe -89.970 119
Cd -59.870 130 18 | -14.450 t 133 Ba -64.160
%ed 67,000 In -70.420 Sb  -87.840 03 ags0 Xe -88.490 g, 68 650
9% i By .68.240 H8sh  -89.520 104 : 14xe -89.190 121 :

Cd -69.480 132 120 I -29.670 t 135 Ba -70.290
100, In -63.010 Sb -88.670 105 Xe -87.080 122

Cd -74.690 1, 55380 gy 80890 | -37.050 t Woye 87160 Ba -74.300
Wlcg -75.950 134 ' 122 : 106 _41.070 t 137 : 12Ba -75.470
102 In -52.510 Sh -88.720 107 Xe -83.240 124

Cd -79.030 135 123 | -47.460 t 138 Ba -78.880
103 In -47.210 Sb -89.560 108 Xe -80.740 125

Cd -79.780 136 124 | -50.730 t 130 Ba -79.590
104 In  -40.940 Sb -88.140 100 Xe -75.970 126

Cd -83.410 137 125 | -56.090 t 140 Ba -82.370
105 In -35.460 Sb -88.540 110, Xe -72.470 127

Cd -83.350 138 126 | -58.750 t 141 Ba -82.670
106 In -28.910 Sb -86.830 11 Xe -68.120 128

Cd -86.330 275y 86,930 | -63.700 U2y, 64860 Ba -84.870
07cd  -85.980 9Sn  -31.450 t 126g), _85'100 12| .65.990 Ly, _59'920 12983 -84.640
1%8cq  -88.500 %sn  -41.060 t 129y, _85'050 13 .70.290 Ly _56'560 13083 -86.710
19cq .87.760 %sn  -46.820 130gy 83170 14 72,070 WSy 51650 131Ba  -86.380
H0cg -89.790 1005y .55.270 1a1gy, _82'230 15 .75.790 Lo _48'120 13233 -88.170
Hlcd -88.720 15 -58.750 Ligy, _79'680 18 _77.040 g _43'100 13%Ba  -87.630
12cd  -90.250 10250 .64.770 1y, _78' 450 17 .80.260 Ly _39'130 134Ba -89.290
13cd -88.690 18gn  -66.970 1a4gy, _73'710 18 .81.020 L0y, _33'850 135Ba  -88.480
H4cd -89.770 1%4gn  -71.620 135¢h 70,060 19 .83.760 : 1%6Ba  -89.940
15cd  -88.130 1%5gn  -73.090 gy _64.850 120 .84.170 %6cs  .7.730 t 137Ba -88.240
16cd  -88.630 1065 .77.180 wargy, _60'230 12 .86.250 W7cs -16.100 t 138Ba  -89.180
"cd -86.440 07sn .77.930 1a8gy, _54'370 122 .86.210 08cs  .21.710 t 13983 -85.740
H8cd -86.510 %85 .81.570 9 40,680 123 _88.070 19cs -29.420 t 1983 -84.180
H19cd -83.960 1095 .81.550 gy, 43'870 124 .87.610 10cs  -34.120 t 141Ba  -79.660
120cq  -84.060 105 .85.130 Wigy 39010 125 .88.960 Hlcs -40.770 t 142Ba  -77.430
12lcq  -81.280 Hlgn .85.170 uzgy, _32'970 126 .88.100 H2cs -44.620 t 143Ba -73.650
122cd  -80.980 M2gn  -88.190 L3g, _27'990 127 .89.400 cs -50.470 t 144Ba -71.210
1Bcd -77.990 gy -87.790 Wigy 21880 128 _88.400 H4cs -53.880 t 145Ba -67.160
124cd  -77.060 H4sn.90.380 usgy, _16'670 129 .89.090 115Cs  -59.100 1463 -64.650
15¢d -74.000 155 -89.340 : 180 .87.800 H6cs  -61.650 147Ba  -60.580
126cd  -72.590 165y 91510 011e .27.290 t 181 .88.160 "cs  -66.220 148ga  -57.870
127cd  -69.470 175y -90.410 102Te .36.810 t 182 .86.760 18cs  -68.290 14983 -53.620
18cd  -67.740 H8sn  -91.900 103Te .41.580 t 133 _86.860 H8cs -72.110 150Ba  -50.390
12%Cd  -64.650 19sn  -90.360 104Te  -49.470 £ 134 .84.880 120cs  -73.690 15133 -45.830
10cd  -62.360 1205 .91.470 195Te .51.140 t 15 .84.280 2lcs  -77.030 152Ba  -42.240
18lcd  -56.570 121gn  -89.660 1%67e .57.030 t 136 .80.240 122cs  -78.160 15383 -37.270
182cd  -51.750 1225 .90.300 107Te  .59.260 187 77.310 12cs -80.910 125 14980 +
183cd  -45.270 12330 .88.290 1%8Te  -64.430 138 .71.970 1%4cs  -81.610 13 _22'970 +
134cd -39.850 124gn  -88.540 19Te  -66.370 139 68.240 125Cs  -83.830 14 5 _28'150 t
15¢d  -33.010 155y -86.370 1107e  -70.990 140 _63.650 1%6Cs  -83.950 1S, 35 380 +
136Cd  -27.440 12650 .86.300 HilTe .72.350 14 59,730 127cs  -85.760 115 5 _39'500 "
% 1275y -83.940 H2Te .76.510 142 .54.560 128Ccs  -85.490 17 :

In  -31.800 t 128 13 143 129 La -45.690 t
% 37940 + Sn -83.400 Te -77.430 I -50.600 Cs -87.080 U8 5 49060
T 47‘760 + 1255 .80.870 4Te .81.100 144 45410 130cs  -86.660 19 _54'530 +
%) _52'920 1305 -79.980 15Te -81.580 145 _41.270 Blcs -87.930 120, _57'370
%) _60‘5 0 Blgn .77.180 116Te  -84.820 146 .36.090 132Ccs  -87.360 w2 _61'8 10
100 : 1825 .75.760 1Te .84.950 147 .31.580 138cs  -88.270 122 :

In -63.560 133 118 134 La -64.130
101 Sn  -70.530 Te -87.710 104 Cs -87.430 123

In -69.070 134 110 Xe -15.100 t 135 La -68.240
102 Sn  -66.530 Te -87.170 105 Cs -88.360 124

In -70.250 135 120 Xe -20.120 t 136 La -70.060
103 Sn  -60.580 Te -89.490 106 Cs -86.720 125

In  -74.040 W6y 55 940 121 88750 Xe -28.470 t Wice 87140 La -73.550
04n 75580 137 ' 122 : 107%e -33.060 t 138 : 12615 -74.880
105 Sn -49.690 Te -90.600 108 Cs -83.600 127

In  -79.030 138 123 Xe -40.560 % 139 La -77.750
05, 70,830 Sn -44.740 Te -89.580 9o 44010 Cs -81.440 128, 78500
107 : 135 -38.130 124Te .91.070 1o : 140cs  -76.920 120, ‘

In -82.880 140 125 Xe -50.120 a1 La -80.840
108 Sn -33.130 Te -89.600 1 Cs -74.210 130,

In -83.180 141 126 Xe -53.060 142 La -81.170
100 Sn  -26.360 Te -90.810 112 Cs -70.330 131

In -85.760 “2e 21 060 12Te 89100 Xe -58.730 e 67260 La -83.130
1o -85.700 ' : 13xe -61.270 : 1322 -83.230

126Te  -90.010 144Cs  -63.050



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

133, N 123
134|_a 85.090 Pr -49.690 t 1%6Nd  -60.470 1605m  -60.550 164Gd  -59.860 163Dy .66.110
La -85.110 124pr 52,710 15’Nd  -56.740 Blgm - 165
ey o o ) Sm -57.060 Gd -56.720 164Dy .65.710
la -86.830 126Pr -57.470 Nd -54.190 1625m  .54.810 166Gd  -54.700 165Dy .63.490
137La -86.660 127Pr -59.960 1%9Nd  -50.120 1635m  -51.060 167Gd  -51.220 166py  -62.600
138|_a -87.980 128Pr -64.130 160N -47.170 1645m  -48.340 168Gd -48.730 167Dy .60.080
139|_a -86.890 Pr -66.190 16INd  -42.860 1655m  -44.280 169Gd  -44.840 168y .58.680
La -87.970 12%pr  _69.700 162Nd  -39.480 165m  -41.140 0Gd -42.030 189py -55.850
140 a -85.040 130pr  -71.090 RE ' 170y '
W, 83670 Wioe 74000 127pm  44.460 t 138gy  .46.900 t msd ~37.850 Dy -54.020
1L e 660 W 75 000 128pm 47,530 134gy 49,530 08 34620 1Z:Dy -50.720
W3 e 7 000 W 7o 480 igpm 52,570 t B5gy  .53.940 Gd -30.080 LoDy 748510
W, 74710 B 78,090 um -55.230 ijEu -56.090 ¥7Tb  -40.520 t 174By ~44.960
1S, 72530 p; 80,370 um -59.470 138Eu -59.920 138Th .43.260 t MDy 42370
16, 69160 p; 80,840 133Pm -61.500 139Eu -61.420 1397p 47740 t mDy '28'350
o o680 W 53080 “Pm -65.090 By 64,840 “oTh 49,930 mDy -35.310
18, 63580 8p, 83640 um -66.500 MOEU -66.400 41T -54.040 w8, -30.680
19 4 61080 p, g seg 136Pm -69.600 14ZEu -69.830 1427h  .56.100 y -21.160
190, 57390 Mpy g5 050 um -70.800 Eu -70.960 43Th  -60.490 lHo -33.830 1
151, 54380 Wlp, 86800 um -73.590 Mgy -74.130 144Th  .62.010 42Ho -36.740 t
12 5 50320 W2p; 84540 139Pm -74.570 ey 75,730 145Th  -65.620 3Ho -41.440 t
13 5 46,820 py 83950 um -77.330 5ey  .78.440 146Th -67.870 4o -43.960 t
4 o 42420 Wpr 80,490 um -78.010 16gy  .77.560 47Th  -71.400 15Ho -48.860 t
195 5 38610 WSpr 79,500 142Pm -81.330 WEy -78.360 148Th  -70.950 1480  -50.950
_ 148,
e tasio 1 WSpr 77100 143Pm 81.720 149Eu -76.200 i‘s‘sz -72.510 o -55.050
e ! Wpy 75810 144F>m -83.610 Eu -76.500 Tb -70.950 14840 -58.030
e -20.110 t W8p, 73240 Pm -82.140 10y -75.310 ¥1Tp  .71.870 %Ho -62.310
116Ce -28.300 * . 145 151 15 '
e 32. Wpr 71870 um -82.200 Eu -75.530 2Th -71.150 15040 -62.280
118Ce -32.690 10p; 69 280 147Pm -79.490 12y .74.220 158Th  -72.030 Bl4o -64.430
119Ce -ig.im Bipy 67460 um -79.100 18gy -74.370 1%4Th  -71.260 2Ho -63.860
L Ce - 3.120 2y 64420 149Pm -77.350 B4Ey -72.950 1%5Th  -72.010 15340 -65.350
Ce -49.240 S 62110 Pm -76.860 5gy 72,510 1%6Th .71.040 40 -65.080
121Ce -52.230 . 150 156, 15 ’
. 4py 58720 Pm -74.960 Eu -70.540 Tb -71.230 15540 -66.480
122Ce -57.500 . 151, 157, 158 '
. 15py 55 870 Pm -74.420 Eu -69.720 Th -69.930 15640 -66.200
123Ce -59.880 . 152 158, 159 '
. 5pr -5 100 Pm -72.390 Eu -67.480 Tb -69.630 B7Ho -67.490
124Ce -64.500 . 153, 159 16( ’
. b 48.970 Pm -71.290 Eu -66.160 OTb -67.980 15840 -66.990
lZSCe -66.340 . 154 160
. 585 42890 Pm -68.810 Eu -63.520 161Th  -67.310 %Ho -67.850
1260 .70.450 r . 155 161 '
o . 9 41350 158F>m -67.300 Eu -61.820 162Th  -65.310 160Ho -67.050
Ce -71.900 60p; 3 Pm -64.530 162Ey  -58.940 183Th  .64.300 1o -67.430
12800 75350 r -37.030 157, 163 '
- . e 158Pm -62.440 Eu -56.780 184Th  -62.050 12Ho -66.300
130Ce -76.170 120Nd -14.600 t . Pm -59.270 164%Ey  -53.600 185Tp  -60.600 163Ho -66.360
131Ce -79.120 121No| -22.850 £ %Pm -56.860 185gy  -50.980 186Th -58.030 16410 -64.930
132Ce -79.440 122Nd -27.290 £ 1Z‘me -53.290 166Ey  .47.460 17Tp  -56.120 15Ho -64.660
133Ce -81.940 123Nd -34.200 £ 11Pm -50.490 7By -44.410 188Th  .53.160 16Ho  -62.990
134Ce -82.070 124Nd -37.970 52Pm -46.660 188Ey  -40.460 189Th  -50.800 ®7Ho -62.210
135(:e -84.430 125Nd -44.010 123Pm -43.420 189y .37.030 70Th  -47.410 16840 -60.240
136Ce -84.400 Nd -47.140 “Pm  -39.320 0gy  -32.790 1Th 44710 1%Ho -58.990
Ce -86.680 126Nd  -52.530 131 13 172Th  -41.010 1704
Bce .86.730 127Ng 55,070 o 49820 "Gd -43.700 137y 37, Mo o488
1%8ce -88.580 128Nd  -59.930 133sm o710 504 48720 41p _37'880 172H0 e2170
19 87200 129g 22,010 Sm  -56.690 13764 -50.910 D 733.830 o -52.170
o : Bigm 61030 ey Tb -30.280 4o -50.090
Ce -89.120 130Ng  -66.140 135 ’ cd -55.340 176Th -25.580 74
Lice .86.330 BING -67.520 oM ©62.590 Gd -57.020 . T aa70
u2Ce g5 510 2Ny 71120 137Sm -66.330 i‘zed -61.080 13%py  -37.220 176:0 -44.570
Ce 81550 18Ng 72240 138Sm -67.450 142Gd -62.790 140py  -42.230 mHO -41.040
WCe 80350 BN 75210 139Sm -70.890 143Gd -67.090 141Dy -44.560 mHO ~38.110
USCe 77,090 NG 75,790 140Sm -71.990 144Gd -68.070 142Dy .49.250 mHo -33.970
WSCe -75.540 16Ng -78.680 141Sm -75.470 Gd -71.440 143py  -51.440 MHO -30.520
Wice 72310 B7Ng 79 180 142Sm -76.060 iZGd -73.470 144py  -56.450 o -26.300
USCe -70.670 18Ng -82.010 143Sm -79.910 Gd -76.790 15py  .58.100 143gr  .30.140
WCe 67470 138Ng 82 170 144Sm -80.230 WGd -75.900 148py  -62.040 144gr  -35.490
10Ce 65550 HONG -85 180 145Sm -82.820 148Gq -77.280 YDy -64.780 145gr  .38.160
Bice 61970 LiNg 84770 146Sm -81.420 9Gd -75.210 18py  .68.890 146gr 43,530
12Ce  59.500 u2Ng 86.980 147Sm -82.040 0Gq -75.840 19py  .68.470 4TEr 45,780
159Ce 55550 NG -84.840 148Sm -79.400 151Gd  -74.560 150py .70.680 148y .50.500
4Ce 52620 NG -84.780 149Sm -79.390 19264 -75.220 1lpy  -69.240 49 .53.770
15ce  -48.290 uSNG 81350 15OSm -77.590 153Gd  -73.890 152py .70.350 150gr 58,570
15Ge 45060 HSNG -80.940 151Sm -77.610 1%4Gd  -74.510 153py  .69.510 151gr 58,700
7Ce  -40.430 WING 78.440 152Sm -75.730 1%5Gd  -73.080 1%4py  -70.730 152Er  .61.510
R 156,
i 5120 1 usNg 77780 153Sm 75.750 157Gd -73.140 15ZDy -69.960 153gr .60.900
. uINg 75270 Sm -73.760 Gd -71.320 epy -71.110 1S4gr  -62.720
117Pr -17.440 T . 154, 158 15 ’
. 150Ng 74480 Sm -73.240 Gd -70.930 Dy -70.140 15gr  -62.490
118Pr -22.790 T . 155, 159 '
. Bing 71920 Sm  -70.740 Gd -68.770 158py .70.880 156gr  .64.290
119Pr -30.020 t . 156 160, 15! '
. 152Ng 70680 Sm  -69.790 Gd -67.970 Dy -69.560 157Er  -63.890
120Pr -34.300 T . 157 161, 1 ’
. 159G 67730 Sm -67.020 Gd -65.390 50py -69.880 1%8gr  .65.640
121Pr -40.600 t . 158 162 '
. 159g 66010 Sm  -65.540 Gd  -64.290 16lpy  -68.200 19gr  -65.100
122Pr -44.330 .1. . 1593 163 162 ’
! m -62.380 Gd -61.410 Dy -68.110 160gr  .66.430

155Nd  -62.680
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161gr  -65.660 15Yh  -50.640 188y -25.640 15T -53.150 1%%Re  -0.410 t 1830s  -44.080
182Er  -66.680 1%6yb -53.240 By -22.690 176Ta  -52.330 "Re  -6.470 t 1840s  -44.500
18Er -65.490 ¥7vb -53.420 0y -19.100 Ta -52.580 1%8Re  -9.190 t 1850s  -43.080
189Er  -66.100 1%8yh -55.820 ¥y -16.210 18T .51.460 1Re -14.130 t 1860s  -43.120
15Er  .64.680 1%9yp  -55.850 1504t 12670 + %Ta -51.360 1Re -16.190 t 18705 -41.370
186Er  .64.950 160y .58.060 151 : 180Ta  -49.910 16lRe -19.710 t 18805 -41.010
187Er  -63.290 16lyph -57.960 152:; ';g'zégi 81T -49.190 162Re -21.410 t 1890s  -39.100
1681 _63.060 162yp  .59.950 153 oo 182Ta  -47.320 163Re  -24.960 t 19005 -38.510
18%Er  -61.110 183yh -59.610 154:; 'gg'igg 18373 -46.230 164Re -26.400 t ¥10s -36.540
Ogr  .60.400 ®4yp -61.270 155 4¢ _33'830 18Ta -43.870 1Re -29.740 t 19205 -35.900
er .58.080 185yp -60.700 1s6py¢ '37'980 185Ta  -42.370 166Re  -30.980 19305 -33.380
172gr  56.910 186yh -61.840 1574 '38'560 1867 -39.820 17Re -33.970 1%40s  -32.520
1Bgr  .54.260 187yp  -60.920 s o 187Ta  -38.050 168Re  -34.950 1950s  -30.210
74gr 52,720 18yh -61.830 159Hf -41.690 18874 -35.020 16%Re -37.740 1%60s  -29.150
5gr  .49.770 18%vh  .60.670 mon -42.350 18973 -33.120 10Re -38.460 1970s  -26.640
178gr  -47.800 170vh  -61.080 161:; 'i:'ggg 190714 -30.150 171Re -40.960 1905 -25.030
TTEr  .44.320 17lyp  -59.650 162,y ) 48'690 191Ta  -27.990 12Re -41.430 190s  -21.920
178 .41.830 172yp  .59.650 163 192Ta  -24.890 1Re -43.480 2005 -19.840
17%gr  -37.820 13yph  -57.900 164Hf ~48.930 19314 -22.500 17%Re -43.690 M1os -17.360
180gr  .34.850 174yp  -57.410 165Hf -51.500 19Ta -19.120 15Re -45.380 0205 -14.740
18lEr  -30.680 175vph  -55.260 166:; ':;gjg 19574 -16.460 17%Re -45.340 W05 -9.570
182gr  .27.650 176yp  .54.450 167, '53'640 19T -12.860 1Re -46.550 0405 -5.860
183 23.240 7yp  -52.090 168y '55'500 97Ta  -9.690 178Re  -46.240 2505 -0.280
184gr  -19.880 178yph -50.710 1694 '55'190 %14 -6.710 17°Re -47.080 2605 4.100
s 179 -47.720 170 9 153 180Re  -46.450 160
Tm -26.520 t 180y 45 780 Hf -56.600 W 1.250 t lRe 46,980 Ir 8150 t
146Tm .20.610 t o1y 42'380 14f  -55.900 4w 5410 t 125 46'110 18, 2320 t
¥Tm -35.270 t 182y, '40'000 2hf  -56.910 %5wW  -10.130 t mRe '46'030 ®2r .0.120 1
48T -38.020 1 183y '36'390 84t .55.920 186w .16.560 f 184Re - 83 4320 t
YT 42,720 1 L T 7 56510 157y .18.780 % e 44670 B4 6470 +
10Tm -46.230 t msig 'zg'gég 5Hf  -55.220 18y -23.450 msge '3‘21';‘718 %5 -10.480 t
BTm -51.090 t 186y, '27'200 Hf  -55.410 19w -24.780 187Re ) 41.460 6 -12.240 t
1%2Tm -51.780 187y, '23'170 Hf  -53.810 160w -28.390 nge '39'470 7 -16.030 T
1%8Tm -54.710 18y '20'120 18Hf  .53.530 Blyy  -29.420 mRe '38'390 %8 -17.590 T
14Tm  -54.740 189y, '16'090 %Hf -51.610 12y -32.980 ng '36'220 89y -21.140 t
5Tm  -56.790 100 A 180Hf  -50.790 183y -33.960 tore . o 0 22.470
1%6Tm  -57.090 b -13.150 18l4f  -48.290 B4y -37.310 mRe -35.000 My 25,690
57Tm  -58.990 "y -19.820 t 182Hf  -47.130 185y -38.130 193Re .gz_ggg 172y .26.780
1%8Tm  -59.010 0Ly -23.270 1 1831 -44.260 186y -41.170 194Re 101 73 29,700
9Tm  -60.970 15y -28.640 t 1B44f 42,630 187w .41.700 195Re -28.410 4y -30.510
10Tm  -60.890 %24 -32.840 t 185Hf  -39.590 18y -44.360 196Re ~26.940 %y -33.130
161Tm  .62.390 18y -38.060 T 1864t _37.760 169y .44.630 197Re -24.150 176, .33.800
162Tm  -62.060 %4y -39.530 t 87Hf  -34.410 0w -46.990 198Re 'zg'ggg 7y .36.010
13Tm  -63.180 5Ly -43.080 T 188Hf  -32.340 w  -47.130 nge 18 78 -36.410
14Tm  -62.500 16y -43.810 1894 -28.810 2w -49.150 zooRe -16.260 9r  -38.190
15Tm  -63.230 7Ly -46.280 1901 -26.440 18w -48.980 201Re -13.680 180y -38.310
16Tm  -62.310 18y -47.060 914 -22.940 4w -50.470 zozRe -10.600 18y .39.750
®7Tm  -62.710 18y -49.620 192Hf  -20.480 5w -50.060 zogRe -5.4%0 182y .39.560
168Tm  .61.580 160y -50.030 1934f  .16.660 76y .51.150 mRe -1.260 183y -40.590
1%Tm  -61.480 181y -52.400 199Hf  -13.930 7w -50.290 Re 4240 184y .39.990
0Tm -59.990 %2 4 -52.780 19Hf  -9.850 8w -51.020 %70s  7.780 1 8 -40.630
i Tm  -59.450 183y -54.780 151 79w .49.990 1%80s  0.930 T 186y _30.630
2Tm  -57.650 184y -54.930 152Ta -2.660 180w -50.360 %%0s  -1.810 t B 39.740
®Tm -56.640 185y -56.650 153Ta 6.750 1 18y .48.940 16005  -7.560 t 188, _38.510
4Tm  -54.500 186y -56.560 154Ta '12'838 T 182y -48.800 los  -9.500 t 89 -38.370
5Tm  -53.090 7y -57.870 155Ta 17490 1 18w -46.830 %205 -13.530 t 190 _36.940
%Tm  -50.630 188y -57.360 156Ta 23210 1 184w -46.320 1830s  -14.920 ¥y -36.730
TTm  -48.840 189y -58.380 157Ta 25150 1 185w -44.060 18405 -18.920 192y .35.200
178Tm -45.780 0y -57.700 158Ta 29310 1 186\ -43.000 1650s  -20.240 199 .34.780
%Tm  -43.400 My -58.240 lnga 'gg'ggg T 187w -40.510 16605  -24.050 194y .32.760
180T -39.890 1721y -57.280 lsoTa — T 188y -39.190 1670s  -25.190 195 .32.040
18lTm  -37.010 8y -57.370 mTa '22'183 189w -36.490 16805 -28.740 196y .30.200
182Tm  -33.320 74y -56.110 lezTa 8.1 190w 35,220 1690s  -29.710 197 -29.400
183Tm  -30.260 "Ly -55.760 1G3Ta -39.190 ¥y -32.220 00s -32.900 198y .27.420
184Tm  -26.360 178y -54.150 154Ta -42.130 192y -30.650 10s -33.630 199y .25.880
185Tm  -23.070 iy -53.470 msTa -42.910 198w -27.690 120s  -36.540 200 .23.160
186Tm -18.880 178y -51.530 16613 '32'328 194y -25.840 130s -37.040 24 .21.100
MY 22730 + zzLu -50.260 167T: ) 48:190 izw -22.580 1;:03 -39.670 zzzlr -19.060
18y 99,020 181Lu -47.730 1657, _48.480 197W -20.500 17605 -39.850 204|r -16.470
U9y 31960 mtu -45.940 1697, 50,450 198w -16.870 177oS -41.960 zoslr -11.730
150y 37440 L -43.030 0T, 50,560 199W -14.250 17805 -41.920 206|r -8.100
Bivy 21020 184tu -40.910 ity 52050 200w -11.300 179oS -43.590 2er -2.950
52y 45,390 L -37.840 21, 51900 2Olw -8.220 18005 -43.260 208|r 1.350
153y 47 200 186Lu -35.330 31, 2080 W -2.630 1810s -44.570 zoglr 6.850
Lu -32.000 Os -43.900 Ir  11.270

174Ta -52.470 1%5Re 4770 t

154, N
b -50.580 187 4 -29.190 18205 -44.970 20 16.980



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

162pt  10.150 1 189y -33.820 28Hg  20.130 19%pp  -24.280 221Bj  24.430 %At -3.690
1635pt 7,930 t 1%0Ay  -33.120 27Hg  25.620 1%5pp  -23.850 222Bj  28.660 97at  -6.020
164pt 2,950 t 91Au -33.990 2849 29.370 19%pp  -25.500 223gj  32.010 198at  -6.470
1%5pt  0.870 t 92pu -33.080 1 97ph  -24.870 2gj  35.970 1At -8.480
166pt  .3.660 * 198Au -33.650 17;: ﬂgggl 1%8pp  -26.210 2258  39.460 2004t -8.690
17pt 5400 £ 194Au -32.590 173 : 199pp 25350 226Bj  43.840 20Iat  -10.560
168pt 9,730 195Au -32.800 1741: 3';28 T 20pp  -26.390 227Bj 47510 202pt-10.560
1%9pt -11.110 1%Au -31.570 175 : T Wlpp 25,380 177 203at 12,250
170 197 Tl 3.240 t 202 Po 38530 t 204
Pt -15.110 Au  -31.450 ey 1830 1 Pb -26.050 Vepo 32390 1 At -11.720
pt  .16.330 198Au -29.900 177 ‘ 208pp  -24.950 179 ’ 205At -13.110
72pt  .20.140 %Ay -29.460 ”81: 'g'ggg T 24pp 25,250 moio ;i‘ggg T 206at  -13.080
18pt  21.180 200ay  -27.980 19m o T 5pp  -23.950 i 830 1 27pt -13.930
174pt 24580 iy -27.010 180T' 7480 1 28pp  -23.780 mpo 21.380 208at -13.210
1pt  .25.350 2027y -24.850 mT' -8.600 27pp  -21.860 mpo 17.040 297t -13.670
176pt  .28.430 203ay  -23.410 182T| -12.030 208pp 20,760 184P° 14.920 20at  -12.580
7t .29.270 204py -22.150 1831: 'ﬁgig 20%p  -16.820 135,20 180564500 i 2UAt -11.870
18pt  .31.860 2057y -20.050 . '16'720 219y .14.730 186P0 5'090i 2271 8,890
9t -32.330 206Ay -15.740 1857, '19'590 Zlpp  -10.410 187P0 3500 2B3at -7.440
180pt  -34.650 27y -12.690 167, '20'0 20 22pp 7530 lgspo : 2pt 4,090
181pt 34,640 287, 8,020 o 23pp 2,940 e 0 0000 255 1,820
182pt  _36.590 2097y -4.240 1881: Z?;g 24pp  0.030 190,20 ';'ggg 216At  2.000
183pt 36210 20Au  0.850 1807, '2 1,990 2%p 4,860 mpo '4' 200 At 4.280
184pt  _37.810 2UAu 4720 107, '2 4,930 218pp  7.920 192P° '7' 400 28ar 8770
185py 37,230 22Au 9,990 o1y, '26'890 27pp 12,940 mpo . 29t 11.200
186pt  .38.310 23Au  13.980 togmy o 218 16.110 100 -7.930 220At  14.620
87pt  -37.300 2UAu 19.260 193T' -26.660 219ph  21.230 195'30 -10.520 2Iat 17.150
188pt  .37.960 25Au  23.320 194T' -27.610 220pp 24,540 196'30 -10.650 222pt 20.860
189pt  _36.680 28y 28.630 195“ -27.280 22lpp  29.780 197P° -12.800 23pt 23.350
10pt 37,510 169 196“ -28.250 222pp 33,210 198P° 18.100 24pt  26.860
1915 36180 170Hg 12.210 t 197T| -27.530 e 199P0 -15.510 255 29640
192 36560 171Hg 7.380 t 198T| -28.520 1768! 30.680 1 200Po -15.270 265 33350
193 3£ 060 172Hg 5.500 t 199T| -27.640 mB! 28.030 1 2mPo -17.250 25 36340
1940 35 230 173Hg 0.940 1 zooTI -28.640 mB! 23.190 t 2Ozpo -16.720 285 40380
1955 33510 174Hg -0.640 t 201TI -27.070 1798! 20.780 1 203Po -18.400 295 43580
1960, 33280 175Hg -4.910 1 202T| -27.780 mB! 16.220 t 204Po -17.600 205 47710
197p 31920 176Hg 6.220 t 203TI -26.710 1818! 14.130 t 205P0 -18.970 B 51980
1985 30,650 177Hg -10.150 204TI -26.330 mB! 9.840 t 206Po -18.470 225 5s 580
199 28 600 178Hg -11.210 205T| -24.940 1838! 8.020 t 207Po -19.080 s
20p; 97550 179Hg -14.850 ZOGTI -24.330 1845! 4.040 t 208Po -18.100 186an 33.360 1
Dlpy 24870 180Hg -15.630 207T| -22.370 msBu 2510 t Zogpo -18.360 187Rn 28.560 1
2%p, 93 340 11Hg -18.980 : Tl -20.800 : Bi -1.190 t - Po -16.860 : Rn 26.080 t
2y 21390 ZZHg -19.530 zzle -16.870 ZﬁBi -2.600 t 2°Po -16.150 zan 21.810 £
24p; 19,260 ;BHg -22.570 210T| -14.330 ;;Bi -5.770 t ZiPo -12.710 igoRn 19.810
25py 14500 184Hg -22.840 211T| -10.060 189B| -6.760 1 213Po -11.140 191Rn 15.800
206p; 11360 18ng -25.590 212TI -6.730 190Bi -9.610 t 214Po -7.300 192Rn 14.160 t
27py 930 186Hg -25.670 213T| -2.130 mBi -10.280 t 215Po -4.940 193Rn 10.650
2080 5330 187Hg -28.010 214T| 1.230 lng! -12.830 t 216Po -0.820 194Rn 10.370 £
295, 3190 188Hg -27.840 215T| 6.070 1935! -13.280 217Po 1.620 195Rn 7.090
200, 7080 189Hg -29.830 216T| 9.550 MB! -15.480 218Po 5.950 196Rn 6.090
2py 19840 190Hg -29.360 217T| 14.580 lgsB! -15.610 219Po 8.450 197Rn 2.970
2%, 16880 191Hg -31.110 218T| 18.100 1968! -17.650 220P0 15.160 198an 2.240
23py 22540 192Hg -30.450 219TI 23.180 1978! -17.580 221P0 17.220 199Rn -0.460
24py 26610 : Hg -31.850 Tl 26.920 Bi -19.450 Po  20.270 Rn -0.960
‘ SHg -30.950 22071 32.090 198 .19.170 222pg  23.040 2002pn  -3.410
7Au 6.030 t 194Hg -32.060 173 199g8j  -20.600 28pg  26.930 21Rn  -3.640
168y 3.840 t 1%Hg -31.020 174EE i:'gigi 200gj  20.170 224pg  29.770 202Rpn  -5.860
189y -0.450 1 1%Hg -31.750 175pp, 16'220 201gj  -21.280 #5pg  33.760 2032n  -5.850
Ay -2.390 t ¥7Hg -30.520 pp 11470 T 202j  -20.570 26pg  36.830 204Rn  -8.150
Ay -6.430 t 1%8Hg  -30.920 177 470 T 2038 -21.500 227pg  41.290 25Rn  -7.480
2pu -8.040 t 1Hg -29.470 178,22 g'gfg T 204gj  -21.230 28pg 44510 26Rn  -9.620
Ay -11.790 t 20049 -29.570 179p, 3'6901 2058 -21.370 2%pg  49.070 207Rn  -9.080
74y -13.090 t 201Hg  -28.000 190py  -0.460 208gj  -20.400 20pg 52670 208Rn  -10.370
"5Au -16.510 t 202Hg  -27.050 11pp '1'720 207Bj  -20.230 835 97930 1 2%Rn  -9.600
Ay -17.530 t 20349 -24.900 182pp, '5'550 2088 -18.610 184At 25 920 Z0Rn  -10.490
Ay -20.680 t 204Hg  -24.300 183pp, '6' 470 2098j  -17.480 185At 220 1 2Rn  -9.430
8pu -21.470 t 2549 -23.220 184 o 2108j  -14.060 186 t 20830 1 Z2Rn  -9.130
au -24.320 t 206Hg  -21.580 185:32 '18'338 2lgj -12.060 1872t 3:28 T 25Rn  -6.170
180Au -24.910 t 207Hg  -17.340 186py, _14'010 22gj  -8.230 mAt 12'6801 29Rn  -5.150
1Blau -27.430 20849 -14.670 187py, '14' 480 23gj  -5.430 mAt séso 2152n  -1.840
182Au  -27.800 20949 -10.000 188y, '17'390 24Bj  -1.300 mAt 7'2501 21Rn  0.040
183Ay  -29.990 2VHg  -6.600 180 A 2158  1.560 lglt : 27Rn  3.680
184Au -30.090 249 -1.490 190:32 ';g'ggg 2168j 5920 mﬁt Z'Zgg T 28Rn  5.610
185U -31.910 212G 1.880 191py, '20'180 2l7gji  8.780 193At 0'6601 2%n  9.940
186Ay  -31.780 2Hg  7.230 192py, '22'5 0 218gj  13.220 194At 0.350 220Rn  11.870
187Ay -33.160 244 10.750 193 29 200 219 16310 195At _2'970: 21pn  15.150
188Ay  -32.670 g 16.470 e 220gj 22,250 to2 22Rn  17.210



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

22Rn  20.510 24Ra 6.750 Binc 43.940 220pa  20.040 %0y 86.610 %41py  53.050
22%Rn  22.650 205Ra 6.250 B5A¢ 46.600 22lpa  22.400 1 208 242py 54730
225Rn 26.150 206Ra  3.960 Z6ac 50.100 222pa  23.170 ZIONp 46.640 1 3py 57670
226Rn  28.460 27Ra  3.830 B¢ 53.060 22pa  23.480 zuNp 42'318 T 244py 59590
22TRn 32.140 208Ra  1.780 Z8ac 56,790 224pa  25.150 mNp 42.040 1 %5py  62.670
228Rn 34.650 2Ra  1.660 Z9¢  59.990 225pa 25550 mNp 40.200 1 2%6py  64.980
22%Rn  38.600 20Ra  0.230 240pc  63.880 226pgy  27.220 214Np 37.670 1 %7py  68.590
Z0Rn  41.370 2Ra  0.730 2pc 67.420 227pa  27.850 215Np 36.370 1 248py  71.250
BIRn  45.490 22Ra  -0.840 22p¢ 71,770 228pa  29.560 mzp gg';gg T 2%y 75.090
22Rn  48.670 2%Ra -0.380 2007h 34,080 % 2%pa  30.520 217Np 31750 1 20py  77.960
2%Rn  52.840 2%Ra  -0.480 201y, 33'060 B0py 32,530 szp 30'220 Slpy  81.950
B4Rn  56.210 25Ra  2.000 202 060 % Blpy 33,720 1o P 220 1 Z2py 84920
25Rn 60.670 2%Ra  2.480 mTh 29.770 % B2pa  36.010 ZZONP 29.340 1 %3py  88.960
17 Th 28.430 233 Np 30.330 t 254
1896, 31040 t 218Ra 5.320 24 24860 £ 234Pa 37.490 21N 20,680 255Pu 92.120
190, Ra  6.620 205 Pa 40.150 222 Pu 96.380
Fr 29.460 t 219 Th 23.830 235 Np 32500 t 256,
19E 25460 Ra 10.490 20671 20.860 Pa 42.040 29N 31,760 Pu 99.690
220Ra  11.810 Z6pa 44.820
192Fr 23.390 t 21, 207Th  20.040 237 24Np  32.740 222pm  43.840 T
198Fr 19.930 t 22223 ig'gég 208Th  17.320 mga g;'gig 25Np  32.450 2BAm  42.710 1
1940 18.330 t T 209Th  16.840 poe oo 26Np  33.510 24pAm  44.740
195rr 16.120 t 224Ra 18.500 20Th  14.670 240Pa 52.630 ZINp  33.260 25Am  43.400
196 14620 1 zzsRa 19.860 21Th  13.930 mpa °6.000 28Np  34.460 226Am  43.880
Y¥7Fr 11,500 t ZZGRa 22.670 212Th  12.150 242Pa 58.790 ZNp  34.470 2Ipm  42.870
198Fr 10.330 t 227? ;‘;igg 23Th  12.260 243Ea 2523.42128 20Np  35.780 228Am  43.480
199 7,610 t 228 a : 2%Th  10.300 i : ZINp  36.180 29Am  42.740
20rr 6,680 t zzgRa ;2'928 25Th  10.260 245Pa Gg'ggg 22Np  37.710 20am  43.540
201 4250 t mRa 1 216Th 9,730 245Pa 2. Z3Np  38.430 BIam  43.090
2025 3580 na 34120 27y 11750 2 77230 24Np  40.350 22Am  44.060
23pr 1,450 t mRa 37.540 218Th  11.680 mpa 80.800 Z5Np  41.350 Z3Am  43.850
204 0,950 aana 39.850 2197y 14,020 Pa  85.240 2OND  43.640 24pm 45,030
25gr  -1.130 234Ra 42'228 20Th  14.850 24y 46.890 T Z'Np  45.050 B5Am  45.270
206y _1.490 235Ra a6 221Th  18.100 25y 45310 t 28Np  47.460 2%Am  46.830
27pr -2.860 238Ra 50.100 222Th  18.550 28y 41760 t Z9Np 49310 Bam  47.280
28er 2,870 237Ra 53.090 223Th  20.650 27y 40.250 £ 240Np  51.970 B8Am  49.110
209¢r 3,840 238Ra 57.170 224Th  21.280 208y 36.920 2INp  54.070 Z92m  50.050
20rr  3.300 zggRa 20'208 25Th  23.430 M9y 35770 22Np  57.010 240am  52.020
e 4730 mRa 4.65 226Th  24.210 20y 32170 ¢t 23Np  59.380 21am  53.400
22pr 4,190 Ra 68.210 221Th  26.430 2y 31.360 24Np  62.510 22pm  55.740
2 3,920 1%ac 35190 t 228Th  27.340 22y 28.750 245Np  65.200 23am  57.380
2% .1.400 97a¢ 31720 t 229Th  20.740 23y 27.720 246Np  68.840 244am  59.980
25 .0.480 1%ac  30.330 T Z0Th  31.000 24y 25510 2INp  71.860 25Am  61.870
28y 2.400 ¥Ac 27190 t ZlTh  33.820 28y 25.260 248\Np  75.780 246Am  64.590
27gr 4,150 20pc 25820 t Z2Th  35.230 26y 23.430 29Np  79.040 %TAm  66.870
28 7,640 WMipac 22,690 t Z3Th  38.310 A7y 22410 Z0Np  83.060 248am  70.140
2% 9,980 202p¢ 21350 t Z4Th  40.220 218y 21.460 BINp  86.420 29am  72.710
20 12710 W3p¢ 18470 t B5Th  43.440 2% 23.020 Z2Np  90.560 20am  76.200
2P 14.450 24ac 17390 T B6Th 45,740 20y 22.420 B3Np  94.040 Blam  79.030
222pr 17.300 25Ac 14.850 T B1Th  49.210 21y 24.300 213 Z2am  82.640
227 19.160 W6pc 13970 t Z8Th  51.780 222y 25.960 214'3” 47.280 % %3am  85.580
24pr 22,050 27pc 11730 T Z%Th 55520 23y 26.910 lepu 42‘328 i B4pm  89.250
25er 24.060 208pc 11,380 t 240Th  58.340 24y 26.850 mPu 43.080 Z5Am  92.400
226Fr  27.140 9A¢ 9310 t 21Th  62.220 25y 28.430 217Pu 40350 Z6Am  96.290
27pr - 29.380 20ac  8.690 242Th  65.390 226y 28.320 mP“ 39.710 B7Am  99.580
2280 32.650 2Uac  7.300 28Th  69.730 27y 29910 219Pu 87.530 %8Am  103.780
229 35.100 227¢  7.410 24Th  73.210 228y 30.050 ZZOP“ 26‘228 %Am  107.570
Z0rr 38,570 2Bac 5.900 25Th  77.890 229y 31.800 221'3” 4. 226
B 41.330 2pc 5760 206Th  81.480 20y 32.320 35780 o 49:030
232 15 231 Pu  34.650 Cm  49.260
Fr  44.920 Ac  5.630 202 U 34.220 223 228
233 26 Pa 42510 t 232 Pu  37.540 Cm  47.910
Fr 48.080 Ac  7.680 203 U 34.950 224 220
234 7 Pa 39.440 t 233 Pu  36.740 Cm 48520
Fr 51.930 Ac  8.060 204 U 37.260 225 230
235 s Pa 37.740 t 234 Pu  37.290 Cm  47.380
Fr 55.280 Ac  10.440 205 U 38310 226 31
26r, 50380 2950 11790 Zoepa 34.540 t 25, 40950 227Pu 36.580 232Cm 48.180
37 220 Pa 33.060 t 236 Pu  37.640 Cm  47.340
Fr  62.900 Ac  15.040 207 U 42.460 228 233
R 67.170 21pc 16,090 e & 29810 T B[y 45240 o U 36:960 oM 48.330
225, 18950 Pa 28.490 t 28 47140 Pu  38.190 Cm  47.690
19Ra  31.090 t 235;  19.250 2%pa  25.890 T 29 50180 Z0py 37740 25Cm  48.860
19Ra  27.170 t 024 AC 21490 #0pa  25.080 t 200 5330 #Hlpy  39.100 Z8Cm  48.650
1%Ra  25.460 t N : Mpa 22770 t 241 : 232py  39.030 B7cm  50.260
1%Ra  22.060 * 226A° 22.700 2pg 21730 t MU 55.670 B3py  40.530 B8Cm  50.270
19Ra  21.030 t 2272‘: ;:'228 23pa 19930 T 2433 22'228 24Py 40.840 2%Cm  52.040
1%Ra  18.130 228 ¢ ) 24pa  19.700 t a4 : Z%py 42,760 20cm  52.610
1%Ra  16.870 % zngc 23'978 #5%pa 18290 t MU 64‘318 Z%py 43.350 21cm  54.530
200Ra  13.740 mAC 30.68 26py  17.210 mu 68.29 Bpy 45490 242Cm  55.460
20lRa  12.780 23120 gg'ggg 27pa  16.660 2473 ;gzsg Z8py  46.490 23Ccm  57.680
22Ra  9.980 mAC 38,330 218pga  18.250 28] 78870 %y 48.970 244cm  58.890
20%Ra 9.280 233A§ 40:620 2193 18.090 209, 83:200 240py 50,320 %5Cm 61.420



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

2%8Cm  62.890 Z2cf  76.270 25em 84.170 %4No  85.930 B4Rf 94.700 2659 113.450
%'cm  65.610 B3¢t 79.420 26Em  85.690 Z5N0  87.970 25Rf  95.760 %739 115.360
28Cm  67.470 B4cf 81.360 %Tem 88.530 6No  88.680 256Rf  95.690 %839 116.130
2Ccm  70.680 25cf 84550 28em 90.250 %7No  90.840 XTRf  97.250 26959 118.330
20cm  72.830 36cf  86.750 2%m  93.110 B8N0 91.970 28Rf 97500 21059 119.870
Slcm  76.370 Z7cf 90.040 %0rm 95,030 Z9No  94.360 29Rf  99.250 2159 122.790
%2Cm  78.740 Z8cf  92.310 %lEm  98.130 20No  95.540 260Rf  99.910 2239 124550
3Cm  82.400 39cf  95.810 %62em 100.210 %INo  98.050 1Rf  101.830 2839 127.650
24Cm  84.960 260cf  98.310 263em 103.580 22No  99.460 262Rf  102.570 27439 129.660
25Cm  88.610 1cf  102.150 264Fm 106.290 %3N0 102.140 263Rf  104.640 2559 132.630
265Cm  91.380 262t 105.210 25Fm 110.190 264No  103.780 264Rf  105.600 2155g  134.540
%7cm  95.240 263cf  109.410 266Em 113.100 25N0  106.770 265Rf  107.900 27739 137.550
8Cm  98.140 4cf  112.680 %7em  117.150 26N 109.100 266Rf  109.110 27839 139.680
%cm  102.330 265cf  117.060 268em 120.090 %7No  112.720 267Rf  111.670 21939 142.910
260Cm  105.790 266Cf  120.250 2%em  124.070 %8\ 115.180 2682f  113.600 2059 145.320
%lcm  110.270 7Cf  124.380 20Fm  127.030 26%No  118.980 29Rf  116.920 26Ns 115,680
%2Cm  113.950 28ct  127.890 2Em  131.170 2No  121.570 20Rf  119.000 zseNz 115'8301
298 55070 B4 67180 zZFm 134.350 Z:No 125.240 z;zRf 122.410 BINe 11 4:6 40 +
230 235 Fm 138.740 No 127.900 Rf 124.770 258

Bk 55.210 Es  65.720 2Fm  142.310 2BNo  131.570 213Rf  128.050 Ns 114960
gk 54.020 Z%Es  65.960 274 274R¢ 130,410 9Ns  114.330
2Bk 54.480 B'Es  64.890 Z8Md  79.640 t 275N° 134.510 275R : 20Ns  115.100
338K 53,590 B85 65,380 Z9d  78.130 t mNO 138.560 me 133.700 %INs 114770
4Bk 54.080 Z%s  64.600 240Mmd  78.240 t 277N° 141'228 277R; 132.568 22Ns  115.710
258K 53.450 20Es 65,390 24IMd - 77.050 mNo 145. mR 139.94 3Ns  115.740
6Bk 54.280 %1Es  64.900 22Md - 77.580 279N° 14:'428 279R; 14(23'728 4Ns  116.860
237BKk  53.990 22Es  65.870 23Md  76.530 280N0 377 zsoR 1465 25Ns  117.090
8K 55210 3Es  65.890 244Md - 77.100 No 157.610 Ri 149.730 %6Ns  118.300
9Bk 55.190 24Es  67.060 25Md  76.640 23+ 91.260 t 248Ha  104.870 T %7Ns  118.760
2408k 56.580 25Es  67.440 248\d - 77.490 24 91.240 t 24%Ha 103.380 t 28Ns  120.330
241BK  56.980 26Es  68.930 27Md  77.280 25+ 90.020 t 20Ha 103.450 T 9Ns  121.020
2428k 58.630 27Es  69.580 248Md - 78.340 2461 90.220 t BlHa 102.230 T 20Ns  122.880
243K 59.430 %8s 71.310 29\vd  78.480 247y 89.180 t %24a  102.470 21INs  124.350
244Kk 61.340 295 72.150 B0Md  79.830 248+ 89.640 3Ha  101.590 272Ns  126.930
245K 62.480 Z0s 74,110 Svd  80.130 291 88.940 B4Ha  102.120 23Ns  128.630
246Bk  64.610 BlEs 75410 Z2Md  81.630 20+ 89.590 25Ha  101.400 274Ns  131.330
247Bk  65.990 Z2Es 77.890 Z3Md - 82.440 S 89.230 26Ha  102.100 25Ns  133.390
288K 68.370 B3Es  79.480 B4Md  84.430 %2+ 90.180 57Ha 101.950 276Ns  136.050
2498k 70.140 BiEs  82.140 Z5Md  85.610 3+ 90.000 28Ha  103.110 2INs  138.010
%0k 73.000 Z5es  84.110 Z6Md  87.840 41 91.000 %Ha 103.230 278Ns  140.660
gk 75.080 Z6Es  86.930 %7Md  89.280 251 91.330 20Ha  104.600 29Ns  142.790
28k 78.260 %7Es  89.060 Z8Md - 91.750 61 92.960 %lHa 105.210 20Ns  145.650
3Bk 80.590 B8Es  92.040 Z9Md  93.410 X7+ 93.580 %2Ha  106.740 257 2810
4Bk 83.900 Z%Es  94.280 %0Md - 95.900 81 95360 263Ha  107.400 258HS 122810 3
5Bk 86.400 %0gs  97.410 %IMd - 97.790 291 96.440 #iHa  109.040 259Hs 121.240
6Bk 89.710 BlEs 99,880 %2Md  100.520 20+ 98.410 25Ha  109.980 ZGOHS 121.540
%7k 92.430 %25 103.310 %3\d  102.560 261y 99,550 643 111.910 zele 120.560
8Bk 95.970 %3Es  106.370 %4Md  105.600 %2+ 101.660 %7Ha  113.020 ZGZHS 153'308
9Bk  98.860 B4Es  110.240 25Md  108.280 %3+ 103.010 28Ha  115.280 263HS 120.54
260BKk  102.710 25Es  113.500 266Md  111.880 264+ 105.350 2%Ha 117.180 264Hs 121'3;8
%lgKk  106.110 g5 117.630 %Md  114.760 25+ 106.930 2Ha  120.140 265HS 12
2Bk 110.290 %7Es  120.770 %8\Md  118.530 26 1 109.560 2Ha  122.220 ZGBHS 122.160
263Kk 113.900 B8Es 124,720 %9\Md  121.530 %7+ 111.850 22Ha  125.310 267HS 121.980
4Bk 118.230 %5 128.040 2OMd  125.160 %8 1 115.170 2BHa 127.670 268:5 123';60
258Kk 121.740 20gs  132.200 2Md  128.150 9+ 117.610 27%Ha  130.670 ZGQH:: 122'738
220 59470 21'Es  135.710 zZMd 131.840 Ziu 121.010 z:Ha 133.020 04 125140
235 £0.920 BOem 71740 274Md 135.140 er 123.670 277Ha 135.950 e 196910
G 58610 2em 71,900 275Md 139.220 273|_r 127.020 278Ha 138.500 220 128000
20t 59120 28 70.430 276Md 142.760 er 129.730 279Ha 141.900 e 130 600
236 239 Md 146.960 Lr 133.020 Ha 144.680 274
237Cf 58.140 240Fm 70.920 27 150,740 25 138 940 201, 148 150 275Hs 131.930

cf 58.930 Fm 69.760 276 Hs 134.600
28ct  58.280 %41Em  70.530 240No  84.490 277” 139.660 2254 108.700 278Hs  136.220
29ct  59.480 22em 69.680 24INo  84.630 278” 142.940 %339 108.940 2T4s  138.840
240cf  59.060 23Fm  70.620 242No  83.060 279“ 143;@8 45g  107.610 278Hs  140.560
21ct  60.330 2%Fm 70.180 23No  83.560 zsoLr 150. #5359 108.170 21%Hs  142.990
242cf 60.420 25em - 71.390 2¥No  82.150 Lr 154.350 %6359 107.060 2045 144.650
23cf  62.040 26em  71.350 25N0  82.710 25Rf  98.170 t %7sg  107.740 %lh4s  147.500
24ct 62.410 %Tem 72,810 2°No  81.860 246Rf  96.460 %839 107.180 %245 149.570
25¢f  64.280 28em 73.000 2%TNo  82.690 247Rf  96.640 2959 108.350 %345 152.680
245ct  65.010 29em  74.690 28No  82.060 248Rf  95.230 26059 108.120 445 155.080
247ct 67.130 2%rm  75.170 2No  83.130 2Rf  95.680 %lgg  109.440 25Hs  158.240
248t 68.100 Blem 77080 30No  82.860 20Rf  94.640 %259 109.570 645 161.170
289¢ct 70.370 ®2em 77970 INo  84.200 BIRf 95.210 %359 111.070 2THs  164.590
Z0cf  71.760 53em  80.320 %2No  84.120 B2Rf  94.430 26459 111.330 %845 167.770

Ict 74.600 X4m  81.580 23No  85.520 53f  95.370 %559 112.930 2945 171.760



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

2045 175.020 272110 136.200 301911 212.290 283113 162.180 265115 185.760 1 294116 188.600
291Hs 179.380 273110 137.570 302111 216.460 284113 163.610 266115 184.600 t 295116 190.740
22Hs 182.970 274110 138.310 303111 220.130 25113 164.430 %7115 182.290 t 296116 192.350
2%Hs  188.340 275110 140.510 304111 224.230 286113 166.330 268115 181.480 1 297116 195.150
2%Hs  191.850 276110 141.440 305111 227.780 %7113 167.570 269115 179.460 t 298116 197.090
2%Hs  197.380 2771110 143.500 306111 232.080 28113 169.610 270115 178.870 t 29116 200.210
2%Hs  201.390 278110 144.550 307111 235.720 289113 171.080 211115 177.160 t 300116 202.460
297, 279 290. 272, 301.

Hs 206.160 110 146.710 22115 155,000 + 113 173.490 115 176.780 t 116 206.550
28145 209.620 280110 147.800 263 217113 175.180 213115 175.180 T 302116 208.480
2Hs  214.220 21110 149.950 264112 154.700 1 292113 177.970 274115 174.930 t 303116 212.720
30045 217.900 22110 151.290 265112 152810 1 293113 180.280 215115 173.670 t 304116 215.120
S0lhs  222.660 23110 153.800 266112 152.770 294113 183.280 216115 173.780 1 305116 218.820
302Hs  226.500 24110 155.460 267112 151.190 1 295113 185.880 211115 173.310 1 306116 221.270
3034s  231.370 25110 158.200 zegﬂg igéggg ;r 296713 189.260 278115 173.070 1 307116 225.000
304hs  235.340 286110 160.230 26971 150‘390 ; 297113 192.160 219115 171.400 t 308116 227.600
S0t 120810 27110 163.020 210115 129,320 : 298113 196.550 20115 171.850 T 309116 231.450
260y 129'7 10 t 288110 165.160 7)1, 1 49'750 299113 199.240 81115 171.610 t 810116 234.410
Bl 198,650 + 289110 168.420 212)15 148980 300113 203.790 2115 172.350 t 11116 238.550
262 : 290710 171.110 073 ‘ 301113 206.960 3115 172.200 812116 241.560

Mt 129.020 t 201 112 149.760 302 284
263 110 174.810 274 113 211.660 115 173.210 272

Mt 128.240 t 202 112 149.490 203 265 117 198.690 t
24y 198 720 110 177.750 275115 150,590 113 214.910 115 173.630 213117 196.450 +
265, 128,330 29110 181.780 276115 150850 304113 219.710 286115 174.720 214117 105 820 :
268y 129'040 294110 185.030 2111, 152'140 305113 223.100 287115 175.120 27517 193'790 +
267y 128'760 29110 190.080 2781, 152'600 306113 226.430 288115 176.760 27617 193'820 +
268y 129'540 296110 193.200 27911 154'280 307113 229.950 289115 177.650 217117 191'810 +
2694 129'560 297110 198.410 201, 1e 4'230 308113 234.060 290115 179.350 21817 191' 440 1
270y 130'700 298110 202.020 211, 155‘900 309113 237.650 21115 180.300 21914 189'790 "
71 : 29110 207.380 282 ‘ 264 292115 184.180 260 '

Mt 131.030 00110 211.070 112 156.570 114 174.440 t 29915 183800 117 189.540
212\t 132.420 01110 215‘020 283112 158.340 265114 173.690 t 2001 186‘080 281117 188.180 t
213\t 133.470 202) 10 218'510 284112 159.230 266114 171.420 t 29515 188'060 262117 188.200 t
274Mt - 135.710 03110 222970 285112 161.420 %7114 171.040 t 29115 190 860 283117 187.340 t
2I5Mmt  137.010 304110 226'500 26112 162.700 268114 169.070 t 2971 193‘100 284117 187.630 t
27\t 139.280 2051 10 231'100 27112 165.130 269114 168.840 t 298] 15 196'190 285117 187.150 t
2T"Mt  140.790 306110 234'760 288112 166.370 219114 167.210 t 2991 198‘760 286117 187.730 t
218\t 143.170 : 289112 169.270 211114 167.220 t 200 15 202'850 287117 187.750 t
2%t 144.760 %1111 146.920 1 290112 170.790 272114 165.780 t 0115 205'1 20 288117 188.560 t
280\t 146.890 262111 146.530 1 21112 173.810 273114 165.900 1 202y 15 209'380 289117 188.730 t
28IMt 148570 263111 144.990 1 292112 176.120 274114 164.790 0315 212'1 0 290117 189.930
282\t 151.100 264111 144.950 t 293112 179.420 275114 165.250 * 204y 15 216‘520 291717 190.470
283\t 153.150 265111 143.710 1 294112 181.970 276114 164.490 205) 15 219' 430 292117 191.900
284Mt  155.950 266111 143.820 1 29112 185.690 271114 165.100 2061 15 223‘920 298117 192.390
285\t 158.390 267111 142.920 t 29112 188.610 278114 163.700 207315 225'900 294117 194.180
286\t 161.260 268111 143.270 1 27112 193.360 29114 164.440 208] 1 229'880 295117 196.530 t
28"Mt  163.900 269111 142,570 t 298112 196.080 280114 163.910 2091 232‘990 296117 196.870
288\t 167.060 270111 143.020 t 299112 200.960 %1114 165.030 31015 237'080 297117 198.420
289t 170.120 2717111 142.640 t 300112 204.170 282114 165.110 a1 e 5 40‘ 430 298117 200.990
290\t 173.790 272111 143.440 301112 209.190 23114 166.250 : 299117 202.890
2t 177.040 273111 143.460 302112 212,510 24114 166.850 %6116 195.380 t 800117 205.720
292\t 181.060 274111 144.410 303112 216.900 285114 168.270 267116 194.150 1 301117 207.980
29\t 184.640 275111 145.270 304112 220.280 286114 168.830 %8116 191.570 t 302117 211.730
24Mt  189.700 276111 146.840 305112 224.630 287114 170.590 269116 190.790 1 303117 213.630
2%\t 193.150 277111 147.310 306112 227.990 28114 171510 270116 188.460 t 304117 217.530
26\t 198.360 278111 149.220 307112 232.390 289114 173.550 211116 187.870 t 305117 219.880
2T\Mt  202.310 279111 149.990 308112 235.620 290114 174.650 272116 185.790 1 306117 222.800
298, 280. 291. 273 307

Mt 207.650 111 151.730 263113 165.710 t 114 177.000 116 185.490 t 117 225.210
29\t 210.670 #1711 152.700 264 292114 178.420 274116 183.520 t 308117 228.670
300Mmt  214.980 22111 154.480 265113 164.990 298114 181.140 215116 183.270 T 809117 231.210
S0IMt 218.660 283111 155.760 266113 162.980 1 294114 183.040 278116 182.280 t 810117 234.760
302Mmt 223.110 84111 157.950 267113 162.590 1 2%114 186.030 277116 181.750 T 811117 237.540
S03Mt 226.930 285111 159.580 268113 160.870 1 29114 188.270 278116 180.560 + 812117 241.410
304Mmt  231.490 26111 161.980 Zegﬁz igg'gzg I 27114 191.660 219116 180.720 T 813117 244.490
305 287 . 298. 280.

Mt 235.510 111 163.890 114 194.240 116 180.570 t

28111 166.340 2113 159.350 T 29114 198.650 %1116 179.630 1 2118 217.690 T
260. . 271. . . 269.

110 137.370 1 289 113 158.230 1 300 282 118 215.990 t
261 111 168.460 - 114 200.970 116 178.840 * 270

110 137.320 1 290111 171 113 158.310 t 301 283 118 213.290 t
262 510 273 114 205.540 116 179.470 .

110 135.840 * 201 113 157.540 t 302 284 118 212.150 t
263 111 174.170 - 114 208.340 116 179.040 272

110 136.200 202 113 158.130 1 303 285 118 209.440 t
264 111 177.480 275 114 213.050 116 180.020 273

110 135.030 23111 180.380 113 157.590 t 04114 215,990 25116 180010 118 208.510 t
265 . 276, k . 274

110 135.530 24111 184110 113 158.210 1 5114 220,820 2716 181150 118 205.940 t
266 . 277 . : 275

110 134.680 295 113 158.390 t 206 288 118 205.300 t
267110 135390 111 187.370 279113 159.700 + 114 223.860 116 181.320 26118 202,940 +
268 : 29711 192.110 279 ‘ 807114 227.330 29116 182.830 - '

110 134.730 27111 195170 113 158.760 8114 230,580 290]16 183370 118 202.440 t
269 : 280, - : 278

110 135.510 298111 200,060 113 159.890 9114 234,880 2116 185 080 118 200.520 t
270, . 281 . . 279

110 135.150 299111 203.600 113 160.140 310114 238110 2216 185 300 118 200.560 T
271110 136.330 : 282113 161.460 ) ) 20718 198.970 t

300111 208.610 293116 187.720



Isotope Mass Excess Isotope Mass Excess Isotope Mass Excess

21118 197.910 t 270120 242.980 308121 236.310

—+

22118 196.180 t 271120 242.010 t 309121 237.810
283118 196.150 t 212120 237.640 t 310121 240.390
284118 195.030 t 273120 234.680 t 811121 242.090
285118 195.310 t 274120 232.710 t 312121 244.810
26118 194.510 1 275120 231.300 t 313121 246.740
287118 195.200 t 216120 228.330 t 814121 249.660
288118 194.790 271120 227.030 t 815121 251.950
29118 195.610 278120 224.330 t 816121 255.100
290118 195.470 219120 222.240 t 317121 257.420
291118 196.720 2807120 219.990 t 276
292118 196.970 21120 219.700 t 277155 igg'ggg I
293118 198.420 22120 217.900 t 278 '
29118 198.790 283120 217.680 T 279122 251.080 1
29118 200.290 284120 215.290 t 280122 249.760 1
297118 202.160 25120 214.920 t 281122 246.580 1
297118 202.790 286120 213.520 t 232122 243.410 1
29118 204.060 287120 213.400 t 283122 241.060 1
299118 206.650 288120 212.350 T 284122 240570 1
300118 208.260 289120 212.710 t 235122 238.270 1
301118 211.090 20120 211.770 t 286122 237.740 1
302118 212.990 291120 212.200 t 237122 235.800 T
303118 216.760 292120 211.800 t 288122 235.850 1
304118 218.330 29120 212.700 t 289122 233.690 1
305118 220.830 294120 212.590 t 290122 252680 T
306118 222.740 2%120 213.720 t 291122 231010 1
307118 226.000 296120 213.950 t 292122 230.850 1
308118 228.070 297120 214.990 293122 229.570 1
309118 231.520 298120 215.190 294122 229.880 1
310118 233.780 299120 216.700 zgsgi 223'228 T
11118 237.280 300120 217.710 296199 229,600 :rr
312118 239.750 301120 219.920 297 '
313118 243.660 302120 220.610 298122 230.520 1
14118 246.320 303120 222.760 299122 230030 1
e 4190 293,900 300122 230.950 t
276119 217.700 05190 226,330 301122 230.580 t
119 216.570 122 231.620 t

306120 227.670
307120 230.390
308120 231.930
309120 234.820
810120 236.540
811120 239.590
812120 241.540
813120 244.770
814120 247.080
815120 250.530
816120 252.870

302122 231.680
303122 233.080
304122 233.580
305122 235.380
306122 236.140
307122 238.240
308122 239.180
309122 241.550
810122 242.740
811122 245.260
812122 246.640
813122 249.350
814122 250.980
815122 253.890
816122 255.860
817122 259.000
818122 261.060

277119 214.200
278119 212.950
279119 211.070
280119 210.590
281119 209.140
282119 208.940
283119 206.250
284119 205.880
285119 204.770
286119 204.590
287119 203.870
288119 204.260
289119 203.670
290119 204.160
21119 204.020
292119 204.930
293119 205.140
294119 206.320
2%119 206.800
296119 207.720

280121 233.580
81121 231.540
22121 230.860
283121 228.890
284121 228.360
285121 226.740
286121 226.780
87121 223.760
28121 223.450

—+ —+ —+ —+ —+ —+ —+ — — —+ —+ —+ —+ —+ — — —+ —+ —+ — — —

—+ — — — — — —+ — —+ —+ —+ —+ —+ — — — — —+ —+ —+ —+ —+

297119 208.630 289121 222.080
298119 209.920 290121 221.880
299119 211.170 291121 220.880
300119 213.500 292121 221.120
301119 215.070 293121 220.600
302119 217.600 294121 221.690
303119 219.530 295121 221.570
304119 221.510 296121 222.430
305119 223.180 297121 222.590
306119 225.940 298121 223.120
307119 227.790 299121 223.460
308119 230.720 300121 225.070
309119 232.770 301121 225.410
319119 235.850 302121 226.820
31119 238.070 303121 227.620
312119 241.340 304121 229.450
313119 243.790 305121 230.540
314119 247.390 306121 232.650

815119 250.020 307121 233.930



